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DISCUSSION ON " MINE DUTY CONTROLLERS '* (REED), PITTS
BURGH, PA., APRIL 9, 1914 . (SEE PROCEEDINGS FOR 
APRIL, 1914 . ) 

{Subject to iinal revision }or the Transactions.) 

F. L. Stone: Tliere is one line of control on which Mr. Reed 
has touched very lightly. That is the handling of 2 2 0 0 volts. 
This voltage is coming more in use every day, and must be con
trolled in a safe and efficient manner. The use of oil-immersed 
switches was the first method tried, but where the operation 
is frequent and the service severe, as in the case of the mine hoist, 
either of the slope or shaft type, it does not work out as well 
as might be hoped. The frequent rupturing of the arc car
bonizes the oil, and will eventually cause an arc-over. This 
comes without any warning to the operator, and usually puts 
the switch out of commission. Another cause of damage to 
oil-immersed switches wlien operated frequently is, that a body 
of gas will form on top of the oil and finally a hot bubble will 
arise, and if the proper proportions of air are present a violent 
explosion will occur, this frequently wrecking the tank, and 
putting the switch out of commission until repairs can be made. 
The ordinary oil switch such as used on a switchboard for 
control of various circuits may be called upon to operate two 
or three times a day. A switch to control a hoist operating two 
trips a minute will operate approximately 1000 times a day 
in eight hours. In the first case the oil-immersed switch is en
tirely satisfactory, while in the latter case such information as 
I have been able to gather seems to indicate that it is entirely 
unsatisfactory. 

The only alternative seems to be a properly designed air-
break contactor. Such contactors have been designed, and are 
on the market, and from everything I can learn are giving satis
factory service. Two of these air-break contactors were in
stalled about one and one-half years ago at the Crow's Nest 
mine of the Keystone Coal & Coke Company, controlling the 
primary circuit of a slope hoist of 7 0 0 h.p. The operation 
has been continuous since installation, and even the arcing 
tips have not as yet been renewed. I have a letter from South 
America, advising that the air-break contactors are giving 
most excellent service. One contactor in particular installed 
at one of the mines was put in service early in March, 1912, 
and at the end of two hundred and forty-four days of operation 
it had opened the circuit 3 8 8 , 0 0 0 times without any renewals 
or repairs and at a maintenance cost of nil. On the other hand, 
reports from the same locality on oil-immersed contactors advise 
that, on account of danger of fire when the oil becomes too 
much carbonized it must be renewed every four or five weeks, 
and between 3 0 and 4 0 gallons of oil per switch are required. 

From these figures you can readily appreciate that the main
tenance of such a switch is a very expensive luxury. 

All of the above only applies to switches which are required 
to operate on a rapid cycle. 
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Mr. Reed refers to an encased moisture-proof starter to be 
used in gaseous parts of the mines. I believe it would be better 
if this casing were built on the principle of the safety lamp, 
rather than attempt to make it air-tight. Any device of this 
sort is bound to breathe, that is to say, expel a certain amount 
of air when warm, and draw in air from the outside when cold. 
If this action is carried on long enough the quality of the air 
inside of the box will be the same as that outside, and an ex
plosion might readily be started. Or, when the box is opened 
for inspection, it will, of course, fill with air from the outside, 
which may be an explosive mixture. I believe it is generally 
conceded that it is almost impossible to make a perfectly air
tight joint through which electric wires can be brought. I 
would like to have an expression of opinion from the Bureau 
of Mines on this subject. 

Mr. Reed in his article makes no detailed reference to control 
of motors by liquid rheostats. The general trend of the practise 
seems to be that in motors over 500 h.p. a liquid rheostat should 
be used for the secondary control. The up-keep of such rheo
stats should be considerably less than the up-keep of the large 
contactor panels. The freedom from steps is a very import
ant consideration, and is obtained only in the liquid rheostat. 
It has been a very difficult problem to design a liquid rheostat 
with a large ratio of resistance without having the plates so 
close together that the danger of arcing in event of the motor 
being reversed is more excessive. This, however, has been 
accomplished by the use of what virtually amounts to two 
chambers, one of them of high resistance and the other of low 
resistance. The low-resistance section is only connected 
across the slip rings after the motor has attained a considerable 
speed, and therefore its voltage across collector rings is low. 
The low-resistance section is cut in by means of a float switch. 
With such an arrangement the motor could be reversed with
out any danger of arc-over, as nothing but the high-resistance 
plates would be in circuit. 

Finally, in regard to the part of Mr. Reed's paper referring 
to mine hoist control, it would seem as though Mr. Reed was 
of the opinion that a flywheel motor-generator set was extremely 
efficient. Efficiency is not the aim of the flywheel set, and it 
should only be used where excessive peaks are penalized or 
where power station capacity is limited, and it then must be 
realized that the running of a heavy flywheel throughout the 
entire day must be done at a considerable expenditure of energy. 
As a matter of fact, speaking generally, it takes about one and 
one-half horse-power per ton to operate a flywheel. I will be 
interested to hear from Mr. Reed as to why he differentiates 
between shaft hoisting and slope hoisting on the efficiency basis. 
Personally, I see no difference whatever, except that the con
trol of the shaft hoist is a little more difficult than the control 
of the slope hoist. 

Mr. Reed's statement that the electrification of mine shaft 
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hoists is of questionable economic value cannot be passed un
noticed. Mr. Reed, of course, would not make such a state
ment unless he had some figures based on tests and actual 
observations to back it up. Being particularly interested in 
mine hoisting, I would deem it a great favor if Mr. Reed would 
advise us as to just how he arrived at the conclusion that the 
electrification of mine shaft hoists is of questionable economic 
value. I have yet to see the case where the shaft hoist has been 
electrified that it is of questionable economic value. 

Sidney G. Vigo: I would like to inquire*of Mr. Reed what, 
in his opinion, is a fair estimate of the largest capacity alternat
ing-current motor that can be applied to a hoist and operated 
directly on the line of a central station without causing undue 
disturbance on the system, after taking into consideration the 
application of the proper controller, as discussed in the paper. 
This is largely determined, of course, by the size of the station 
feeding the system, but reference is made particularly to the 
smaller station, say oí 2000 kw., carrying a diversified load. 
We have had considerable trouble with some of the smaller 
stations in several instances, by operating motors of 150 horse 
power directly on the line, using magnetic control. In these 
cases, faulty regulation of the lighting load was evident. 

Graham Bright: High continuity of operation of any ap
paratus can only be obtained by a constant and systematic 
inspection. This is particularly true of mine work, since the 
conditions under which its apparatus has to operate are so very 
bad and it is difficult to get a good class of operators and in
spectors, due to the poor living conditions and isolation of the 
average mine. 

For small pumps up to 20 h.p., the self-starting motor is the 
best solution of the control problem, as it eliminates the corftrol 
entirely. If too many motors of this type are placed on a system 
the first rush of current may prove too much for the generating 
system, in which case a relay could be provided on some of the 
motors which would delay their starting for a few seconds so that 
all motors would not start at once. It seems that the self-
starting motor would be a- better solution of the problem than 
the usual control as shown in Figs. 1 and 2. However, where a 
company has already installed motors that are not of the self-
starting type, this control, of course, would be a considerable 
improvement over the present method of having to cut in and 
start by hand. 

Mr. Reed states that the series and parallel drum controller 
with the series and parallel feature in the reverse drum is ad
vantageous because it is easier to get straight series only, during 
gathering. I believe that the straight series position is seldom 
used, as the motorman will invariably start in multiple. It gives 
him an easier start, and he can generally start larger loads, since 
one pair of wheels slipping does not increase the tractive effort 
of the other pair as would be the case with the motors in series. 
The real reason for making the series and parallel arrangement on 
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the reverse drum is on account of the limitation in height. The 
regular railway type of series parallel controller is too high for 
mine service, due to the series parallel feature being in the main 
drum. It has been my experience around the mines that there 
are few motormen who use the series position very much. The 
railway type of controller would be a distinct advantage in that 
the motorman must start in series every time. 

I wish to take issue with Mr. Reed regarding his statement that 
almost invariably the straight vertical type of hoist can be best 
electrified by the use of the variable-vol tage system and that with 
this arrangement in many cases electrification is of questionable 
value. It will be found in practise that in a large majority of 
cases an a-c. wound-rotor induction motor will be used for verti
cal hoists and will prove the most economical, not only on the 
basis of first cost but also on cost of operation. Very rapid 
hoisting, with few or no delays, coupled with restrictions regarding 
the peak loads that the power company will permit on its system, 
will only warrant a flywheel equalizer system with voltage con
trol. For very rapid hoisting it is sometimes desirable to use the 
voltage control system on account of the superiority of the control 
itself, which readily lends itself to the addition of automatic 
features. In case the power system can stand the short-time 
peak loads it is not necessary to use a flywheel, and a synchronous 
motor-generator set can be used to supply power to the hoist 
motor. The flywheel and slip regulator losses will be saved and 
the first cost will be considerably less. 

There are no doubt a few isolated cases when it will not pay to 
electrify a steam-driven hoist, but in the majority of cases a very 
substantial saving can be made. There are steam hoists in 
West Virginia at which the cost is over five cents per ton for 
hoisting from not over 400 feet in depth. Some of these hoists 
will be electrified in the near future, and it is expected to cut the 
cost of hoisting to less than one-half of what it is at present. 

H. H. Clark: Mr. Stone has asked for a comparison of the 
explosion-proof qualities of oil switches. The tests that the 
Bureau of Mines has made have been rather limited in number 
and have been confined to switches of relatively small capacity. 
No tests have been made with controllers. The tests were 
made at 250 volts and with currents no greater than 100 amperes. 
I have not in mind the exact conditions that vSurround these 
tests, but about 75,000 breaks were made on each switch while 
it was surrounded with the most explosive mixture of Pittsburgh 
natural gas and air. No ignition took place during the tests 
and it seems reasonable to believe that all switches can be made 
explosion-proof if the parts are properly proportioned to the 
service to be taken care of and if the presence of the proper 
amount of oil in the switch casing can be assured. 

From the tests that we have made I can not say what would 
happen to an oil controller that is being operated a great many 
times a minute. It may be that in a comparatively short time 
the oil level would fall to such an extent that the flash of breaking 
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the circuit might be exposed and in that case gas would certainly 
be ignited if it were present. I can say this, however, that in 
almost every case that we tried it was necessary to renew the 
contacts several times before the oil level fell to .such an extent 
that the breaking flash was exposed. 

H. D. James: Mr. Reed, in the beginning of his paper, makes 
the following statement: 

" Only within the past few years have those concerned realized 
that the selection of a proper controller is as important as the 
selection of a suitable motor." 

I wish to emphasize this point, as I can recall many personal 
experiences in which the selection of the motor was such that it 
was almost impossible to furnish a satisfactory controller. A 
motor may embody the ideal features for the particular applica
tion, but render it very difficult to control this motor in a satis
factory manner. This point has received the attention of both 
motor and controller engineers with increasingly satisfactory 
results. 

A still further development of the situation has produced the 
engineer who has the training and experience necessary to study 
the customer's requirements and select both a motor and con-

. troller which will give the best economical results, apart from a 
purely seien tine consideration. This man is commonly known as 
an application engineer. It is necessary for him to analyze the 
design characteristics of both the motor and control, and collect 
the necessary data showing the conditions of load and method 
of operation that give the best results for the customer. Often 
the motor can be modified slightly in design, and the controller 
changed to give a larger output with less strain to the apparatus 
and decreased power consumption. This is very important from 
the standpoint of the customer, as the only two items which 
usually interest him, are first, the amount of capital invested in 
the apparatus, and second, the cost of power and maintenance. 

He is not willing, as a rule, to pay for new and interesting 
scientific experiments. Occasionally such features have an ad
vertising value, but as a rule, they have no commercial import
ance. The man who spends most of his time following the design 
of either motor or control is not usually equipped to make a well 
balanced application. The electrical industry owes a great deal 
to the pioneer application engineers, and it is profiting more 
every year by the increased number of these engineers who are 
making a special study of each customer's requirements and 
assisting the customer to solve his power problem so as to get 
economical operation and increased output. 

W. C. Kennedy: In many of these cases, particularly the 
ones referring to the mine hoists, the equipments are develop
ments, not of the controller alone, but it is a question of the 
adaptation of the controller, the hoisting machine, and the motor 
to the conditions of service—a great deal like the ordinary 
electric-driven elevator. You have to make all three units 
work together. Sometimes you have to modify the controller 
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to meet the characteristics of the motor, and sometimes the motor 
must be modified to meet the characteristics of the controller, and 
local conditions also aifect these different items. 

The controller shown in Fig. 1 has been referred to as tmsafe 
for installation in the mine. That controller was discussed 
under the head of "Fan Motor Control." That is not designed, 
primarily, to go inside the mine, where it would be subject to 
explosive gases. In nearly all cases the ventilator fans are 
mounted at the top, outside, and at the head of the shaft. The 
main feature of these fans is continuity of service, and to be 
able to get any speed adjustment desired over a wide range. 
The amount of air to be delivered varies greatly, depending upon 
the weather conditions. That controller is designed for use 
with the shunt-wound motor, having a speed range of about 
4 to 1. It is capable of being set to any predetermined point 
and locked in that position by the mine operator. 

The controller shown in Fig. 2 is also not of the enclosed 
type. It is not so elaborate as the first one, because it is not 
designed for adjustable-speed motors. It is intended to be used 
with drainage pumps. These pumps, as I understand it, are 
located at a point in the mine which is determined by the main 
operating conditions. They are not usually located down 
where the cutting is going on, but are mostly on a ventilated 
shaft, where they obtain the best drainage, and then are con
nected to the different sumps or drainage wells. 

We have built controllers using both air-break switches and 
the oil-immersed switches, and both types are in satisfactory 
operation. 

The controller shown in Fig. 3 is of the air-break type, tightly 
enclosed, and I believe operates satisfactorily. We have made 
some controllers that are not closed as tightly as that, and 
personally I would be inclined to think this type of control 
would be better than trying to adapt the principle of the safety 
lamp. It may be argued that it may collect gas inside, that it 
is bound to breathe, which is true, but at the same time any 
electrical device must be inspected, or at least should be in
spected, no matter if it is enclosed. There should be a man 
in every mine, as there is a man in nearly every mill, an in
spector, whose duty it is to examine these automatic devices, 
but I think it would take a long time before that controller 
could collect an explosive mixture in it. 

Mr. Clark has referred to his tests on the oil-break switches, 
and states that he has tried them up to 75,000 times, and 
they are still satisfactory. Of course, the ordinary switch will 
have to operate more than that. We have been very successful 
with oil-break direct-current apparatus as well as alternating-
current apparatus, in situations where there is danger of ex
plosions. This refers to a line of work which is not concerned 
with mining apparatus, and that is in the powder mill industry. 
It requires a great number of manually operated controllers, 
oil-immersed, and they are certainly in a dangerous position 
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when it comes to the danger of a flash or an explosion, and the 
only answer I can give is that both types of apparatus are 
operating satisfactorily. 

In regard to the locomotive controllers, I am inclined to 
believe we would consider series parallel probably better than 
having the series on one side of the off position and parallel 
on the other. I think the point which Mr. Reed intended to 
convey was that we are building both types. Both of these 
special controllers are not the residt of the conceptions and 
ideas of the designers, but have been cases where we have 
been called upon to furnish special apparatus, and I know that 
that drum controller was built at the request of some customer. 
I think that only goes to show that it would be to the advantage 
of every one concerned, both the manufacturers and the users, 
if the mine apparatus could be standardized and made to cover 
the general requirements, and kept away from these special 
things as far as possible. That has been done in the Pittsburgh 
territory among the steel mills, and I know that both manu
facturer and user are benefited. 

C. J . E. Waxbom: Mr. Reed has mentioned controllers for 
coal cutting machines. This is a type of apparatus which is 
subjected to much abuse in mines. The coal cutting machines 
start and stop very often, sometimes under heavy overload, 
and Mr. Clark suggested the use of oil switches for such starters. 
Personally I do not believe that oil switches for coal cutting 
machines would be practicable, as I am afraid that the carbon
izing effect of the oil would be too much. Secondly, I believe 
that the men around the mine would put in any kind of oil which 
they found handy. 

In order to better the starting apparatus for coal cutting 
machines, we have lately devised means whereby a coal cutting 
machine is started only once during its operation and then 
stopped. This is accomplished by means of friction control. 
The motor is started absolutely under no-load and can be re
leased under no-load. In propelling the coal cutting machine 
from place to place, the operator of the machine does not operate 
the starting box, simply the friction control. In my opinion, 
that contrivance is one of the simplest and most effective, and 
I believe one of the most durable, of which we know today. 
It does away with stopping and starting of the controller, which 
has been the bugbear of many electricians around the mine. 

W. M. Hoen: For fan motor control, alternating-current, 
a wound-secondary motor is advisable if starting current must 
be limited. If any great amount of speed reduction is required, 
and resistance control is used, the loss in resistance is objection
able, but, due to the character of the fan load, this loss will be 
much less than if the motor were driving a constant torque load. 
However, its use would be advisable where speed reduction 
was of rare occurrence. 

A squirrel cage motor and its control is the simplest, and as 
possibly one speed for the majority of mechanical appliances 
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in mine operation is generally sufficient, a two-speed winding 
will give good results. The control apparatus can be made 
simple and the starting characteristics for either speed are 
suitable for fan operation. 

Direct current is usually supplied because of locomotives, 
and if fan service is supplied from the same source, a separate 
feeder should be run from the busbars. This would eliminate 
the greater voltage fluctuation. 

If direct current is used for pumping, the majority of the 
machines will be small, and the proper solution of the control 
apparatus is to eliminate it and use self-starting motors. They 
are available in sizes up to 20 h.p. and may be thrown directly 
across the line. 

As to hoist control, drum controllers have been used to a 
great extent in the past, but with increasing use of magnetic 
contactors, their increased reliability make it desirable to use 
drum controllers only on small, low-voltage hoist motors where 
the service is intermittent. Except in shafts of very large 
output and extremely fast work, the induction motor is appli
cable and can be controlled by contactors when the motors 
are of average size, and a liquid rheostat can generally be used 
for the larger motors. This liquid rheostat is very simple, 
consisting of a number of plates connected to the secondary 
of the motor, and supported in the upper section in a two-com
partment tank. The liquid is a carbonate of soda solution and 
is kept in constant circulation from the lower to the upper tank 
by a small centrifugal pump. The level of the liquid in the 
upper tank compartment which contains the plates, is lowered 
or raised by means of a hollow weir which is under the hoist-
man's control. This type has the advantage of simplicity and 
minimum maintenance. 

The voltage control system, as described, is ideal, and is only 
required where the loads to be hoisted are large, the rope speeds 
high, and the acceleration and retardation rates very fast. If 
power conditions limit the permissible peak, a flywheel set 
with induction motor and liquid regulator as described in paper 
is proper. If the peaks are not a limiting feature, a synchron
ous motor-generator set will give all the desirable control fea
tures, somewhat decreasing the first cost and the no-load run
ning losses. 

Coal cutters were formerly built only for use with direct 
current, but are now available with induction motors. These 
can be thrown directly on the line, permitting the use of a 
single oil switch. 

A mine with large power requirements can dispense with 
direct current except for locomotive operation. This simplifies 
the control problems and permits oil switches to be used for all 
control work. 

Arthur S. Biesecker: Under Pump Motor Control," in the 
last sentence of the first statement is the following: The 
starter should be designed for automatic acceleration of the 
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pump on resumption after failure of line voltage." That, to my 
mind, is rather a broad statement. I am not very familiar with 
the bituminous field, but in the anthracite field a very large part 
of the pumping is now done with centrifugal pumps. If that 
statement is put in practise, I am afraid that the result would be 
very unsatisfactory to the operator. If you put an automatic 
starter of that character on a centrifugal pump, and the power 
goes off, you lose the water, and then your automatic starter 
brings your motor up to speed,your runners will run hot, and 
stick, and then you are in trouble. To my mind that is rather a 
broad statement. 

There are several places around the mines similar to that, 
where it would be positively dangerous to put on an automatic 
starter, and the only thing to do when the power goes off, is to 
let the pump stand still until the pump runner comes back and 
let him start up the pump again, and see that the conditions are 
right for starting. 

W. C. Kennedy: In regard to the last remark, I think that local 
conditions would alter that to some extent. I have seen one 
installation in which a controller, practically of that same nature, 
was used. It was so arranged that in case the voltage fell below 
any predetermined point to which it was adjusted the starting 
resistance was cut back in the circuit, and if the voltage rose again 
it would automatically accelerate. It was also provided with a 
feature of control so that, in case of failure of voltage, it would 
start up again in case power was applied. This controller is in 
operation, and I have seen the installation at intervals of two or 
three months, and so far as I know it is all right, but there may 
be some conditions that would alter that. That pump draws 
from a sump well about three or four feet below'the level of the 
pump. It pumps against a pressure, I believe, of 20 lb. There 
is one check valve on the suction line, and I do not believe there 
is any on the delivery line. So far as the controller manufacturer 
is concerned, he can make the controller so that it will start up 
again on the application of power, or not, one way just as easy as 
another. 

The question of acceleration has not been spoken of very much. 
As usual, there are two types of acceleration, one that is not under 
the control of the current, and the second is the current-limit 
acceleration using either series switches or shunt switches with 
relays. The first is usually known as the constant-time accelera
tion. We manufacture both types, and under the wide fluctua
tions of energy which are usually found in mines, we find that the 
constant-time-element acceleration gives much better results, 
because the current-limit acceleration is found to give trouble, 
especially if it is necessary to accelerate a heavy load, with vary
ing voltage, or in case of a variable load. In that case it is prac
tically impossible to use the current-limit acceleration. However, 
I believe that the voltage condition in mines will gradually im
prove and that may vary the design of the starters considerably. 


